Introduction
A search of the fast algorithms for phaseless signal reconstruction is topical now. The main property of frames, which makes them so useful in applied tasks, is their redundancy. A well-chosen frame can provide numerical stability for signal recovery and obtaining important characteristics of the signal [1] . A family of frames recovers the signal by absolute values of frame coefficients in polynomial time.
It is shown that in the real case under certain conditions a generic frame consisting of (2m-1)-vectors can recover the signal without phases. The similar result was obtained in the complex space for (4m-2)-vectors.
Along with the "phaseless reconstruction", another version of the discrete phase problem statement -"phase retrieval" -is considered. The issue of their equivalence is raised and partially resolved.
The present work continues this line of research and gives examples of signal recovery in small-dimension spaces.
A Discrete Phase Problem in Reconstruction of Signals in Space-Rocket Hardware
Now the problem of reduction of the mass of cable systems in spacecraft is widely known. In this connection we offer for consideration an option of replacement of the cable system by a radio channel [2] .
Widespread introduction of wireless devices has become possible as a result of improvement and reduction in cost of electronic components. Modern chips, which are used in construction of wireless networks, only require connection of several passive components and program setup.
In connection with the above-mentioned it is reasonable to consider the introduction of wireless technologies into spacerocket hardware as one of ways to reduce the mass and complexity of the cable system.
Let's consider, as an example, a signal transmitted by a radio channel with a modulation of an OFDM type. The main advantage of the chosen method is that the signal propagation delay is much less, than time of transfer of a symbol in auxiliary carriers as compared to other types of modulation. That allows implementing more stable transfer of information under conditions of symbols overlapping in the course of rereflections of the signal. Figure 1 shows a distribution model of levels of signals from a different number of access points for a case when a set of blocks is arranged inside a spacecraft. The model is presented in a two-dimensional form, however, as is obvious from distribution of levels of signals, 4 access points is enough to provide communication of all blocks among themselves, including by relaying.
As is evident from figure 1 , the signal levels at the border of the external and internal parts of the compartment do not exceed minus 30 dBm (blue color:-30 to -40 dBm, green color:-40 to -50 dBm) relative to 0 dBm at the antenna exit. If we take into account that aluminum has a shielding factor of 70 dBm (for the thickness of 5 mm) we obtain the coefficient of signal attenuation outside the working zone equal to 100 dBm. If an additional protection is necessary, it is enough not to allow blocking direct visibility of the transmitting part and the compartment border, which will increase attenuation by 30-40 dB [2] .
In OFDM modulation, data are distributed among a great number of auxiliary carriers, that's why it is necessary to recover the information lost in several subchannels for further data handling. A Search of the signal recovery algorithms is topical now. In recent years, significant amount of works has been devoted to solution of the following task: to construct such systems of "measuring" vectors   In 2006, Balan/Casazza/Edidin [4, 5] defined one of versions of the discrete phase problem, which they called "phaseless reconstruction". It was shown that in the real case a generic frame consisting of (2m-1)-vectors can do phaseless reconstruction under certain conditions. The similar result was obtained for (4m-2)-vectors in the complex space. If all frame elements have the same norm than such frames are called uniform ones.
Frames
In the finite-dimensional space the notion of a frame is equivalent to the notion of completeness of a system, that is to the equality is called a synthesis operator.
The composition of T and * T defines a frame operator, which is a positive, self-conjugate reversible operator:
It provides the exact formula for reconstruction:
. , ( [6] , [7] ). Creation of the maximum number of vectors for the uniform equiangular tight frame is a very complex and unresolved problem in the theory of frames.
Let us consider a non-linear mapping  , which transfers the vector into a set of the absolute values of frame coefficients: , either
is complete in m  [10] . can't be full. Therefore,
is full, and
The exact minimum bound is unknown for the complex case. Besides, in the real case there is a simple direct method for checking infectivity of the mapping A for the corresponding frame [7] . (O(m 6 of steps. Let's consider an example in 2
About Equivalence of Phase Retrieval and Phaseless Reconstruction
, we take the Mercedes-Benz frame in 2 R , consisting of 3 unit vectors located at an angle of 120º ( Fig. 2): ), Then fulfillment of the condition Squaring the equations of the last system we obtain that Then fulfillment of the condition Let's rewrite the system in the following form:
From the last system we obtain 
Conclusion
In case the phase information is not available, the signal recovery is theoretically possible if redundant systems called frames are used as the system of representation. A well-chosen frame can provide numerical stability for recovery of the signal and obtaining important characteristics of the signal.
In the real case under certain conditions a generic frame consisting of (2m-1)-vectors can do phaseless reconstruction. In the complex space a generic frame consisting of (4m-2)-vectors can do the same under certain conditions. A family of frames recovers the signal by the absolute value of frame coefficients in polynomial time. The issue of the equivalence of phases retrieval and phaseless reconstruction is raised and partially resolved. Examples of signal recovery in small-dimension spaces are given.
A search and theoretical justification of new methods of recovery of information hidden in phases of transmitted signals and unavailable for measurements by publicly available physical instruments is conducted. The technique is based on the latest achievements in the research of complete linearly dependent systems called space frames.
